Assessment of change in behavioral functioning in children as a function of neurotoxicity is not a trivial undertaking. Psychological tests, widely (though erroneously) considered to be the "gold standard" for measurement of behavior in humans, are not adequate for the task; they tap the structure of cognition, not the behavioral repertoire, and cannot (alone) address developmental change. Comprehensive neurobehavioral assessment must be undertaken within a multidisciplinary assessment strategy incorporating knowledge of brain and brain development, cognitive processes and their development, brain-behavior relationships, and detailed knowledge of neurotoxicants, their action and the exposure thereto. Initial assessment batteries must be adequately broad ranging and must incorporate strategies and data for evaluating the impact of predictable nonbrain variables; they must also be cost efficient to respond to the realities of funding and the exigencies of field testing. Measures of neuropsychological outcome are optimally characterized as they relate to behavioral domains specified in terms of the competencies of infants and children of different ages; relevant information is derived from demographic, socioeconomic, medical, developmental, and educational sources, as well as from detailed observational data and performance on psychological tests. Two levels of assessment are proposed. -Environ Health Perspect 1 02(Suppl 2): 141-144 (1994).
Introduction
Toxins do not affect behavior-at least, not directly. Toxins have their impact on brain. Brain is the necessary, though not a sufficient, substrate for behavior (1) . In the adult, with a (presumably) well-differentiated brain, the relationship of brain to behavior is essentially one of "where": different brain systems support relatively discrete aspects of behavior. The impact of toxins in the adult, then, may well be seen at the level of more or less clearly definable cognitive functions or processes. The assessment of toxic agent impact on adult functioning can thus focus, at least initially, on the detection of change in cognitive functions/processes.
In the child, however, toxins do not simply "hit" a given system, the "where"; they hit a "what" at both a "where" and a "when" (2) . Thus, the hit might be on processes such as cell migration, proliferation, aggregation or differentiation, or synaptogenesis or myelination; it might involve system A or system B; it might be at 12 days postconception or at 3 months postuterine life-or at 6, or 15 years of age. Each or all of these hits may have its own particular signature in behavior. In the child, whose behavioral repertoire is developing, toxins can have deleterious impact on both specific cell groups or brain structures, the "where," and on the building of systems over time, the "what" and the "when." The assessment of behavioral change secondary to toxic agent exposure in the child must take account these developmental interactions.
Once the system is built, the relationship between brain and (at least, subsets of) behavior appears to be specified, relatively speaking. Given neural substrates are associated with (more or less) specifiable cognitive functions or processes. These can be tapped by means of psychological tests (3) .
The Limitation of Psychological Testing
The term "psychological tests" refers to one of the primary products of the empiricist tradition in psychology, that is, learning and psychometric theory, as manifest in IQ and other standardized tests. In the context of the present discussion the history of such tests, and their development, is of note. First, such tests were developed without reference to the underlying brain that mediates the behavior in question. Over the early and middle decades of this century, psychologists struggling to validate their emerging discipline as "scientific" and "objective" in the physics-defined zeitgeist of the day explicitly eschewed the brain in favor of objectively definable cognitive functions. Tests were developed to demonstrate the structure of cognition, not brain.
The cognitive functions delineated in humans were typically based on the functioning of the usual experimental animal of cognitive psychologists of the time, the college student, who, for the purposes of this discussion, is presumed to have a mature adult brain. However, it is by no means obvious that what constitute the components of the adult cognitive architecture, fully developed, are-at any given epochthe same, or in the same relationship to each other, in the developing child.
Thus, the tools that psychology has developed to measure behavior-psychological tests-are limited in their application (at least, standing alone) to the problem of evaluating behavior change in the child. The cognitive architecture of the child is not a priori comparable to that of the adult; it differs from that of the adult, and differs differently, at different developmental periods. Furthermore, psychological tests tap behaviors "cross-sectionally," when applied to both adults and children. The theory governing them and their use does not, nor does it need to, incorporate concepts of development. But In summary, what are widely thought to be the "measurement tools" of psychology will not suffice to assess the possible impact of toxic agent exposure on behavior. In and of themselves, psychological tests do not "measure" in a formal fashion; they do not measure brain; they cannot address developmental change. However, they are perfectly good as "tools"; it is only when the tools become viewed as the be-all and end-all of the game that they fail. Unfortunately in psychology, and particularly where the educational psychology establishment has been concerned, the tools are dangerously close to becoming the end in themselves: the tail is wagging the dog. However, psychological testing is not psychological assessment (6 In terms of implementation, also, it is not cost efficient to do only the minimum, intervention possible especially when very detailed questions are already being asked and children need to be assessed to allow researchers to answer those questions coherently. As all developmental researchers can report, it takes so much organization, effort, funds and energy simply to mount an assessment of children at all, that it would be particularly foolhardy not to do enough to answer all the necessary questions. IQ and achievement tests are not enough theoretically, nor do they alone make practical sense. We can hardly afford not to implement a coherent assessment strategy if we are going to do it at all.
The Alternative Strategy
If performance on tests is not the optimal end point for developmental behavioral assessment, what is? Behavioral domains. A behavioral-domains approach has several significant advantages. Behavioral domains, adequately specified, can be tapped at all relevant ages, with tests appropriate to the developmental competencies of the target animal (7) . Using the language domain as an example, it is impossible to determine mean length of utterance to tap the language competence of a 10-day-old infant, but it is feasible to evaluate whether the child is attempting to engage its caretakers in a reciprocal interaction-a critical foundation for communicative competence. The emphasis is on the use to be made of the skill, not on the skill itself.
The adequately specified behavioral domain is also a crucial pivot between animal and human research. In conjunction with detailed knowledge of the neural substrates for human and nonhuman behaviors, specific behavioral domains have been tapped with formally comparable tasks in developing and adult humans and nonhuman primates, with and without lesions (surgical and "natural") (8, 9) , and with species-relevant tasks hypothesized to be functionally or behaviorally equivalent in nonprimate animals (10) .
A behavioral-domains strategy also provides for principled data reduction in two regards. First, a major factor in assessing both the scientific validity and the cost efficiency of a proposed study relates to statistical power: how many subjects are needed to permit valid assessment of how many data points? Set up costs, subject availability and attrition limit the size of cohorts for analysis. Using competency within behavioral domains as the unit of analysis facilitates examination of outcome with smaller subject groups. Second, the actual measures selected to characterize a given domain can be chosen for their optimal match with the competencies of the organism at the age in question. Analysis is conducted by behavioral domain, not by specific test or evaluation technique.
Behavioral domains also have the advantage of continuing to be relevant. Psychological tests "wear out," that is, their normative data become outdated. A behavioral-domains approach permits "old" data to be used, and to be integrated with the products of ongoing research in brainbehavior relationships and associated test or technique development.
Perhaps the most important contribution of the behavioral-domains approach is in its ability to provide comparable data over time. This allows the construction of an enduring database or registry to permit evaluation and tracking not only of the impact of toxicity but also of the efficacy of our response to it. In a funding climate that is not at present conducive to longitudinal research this is particularly important.
So, what will the assessment strategy require? Clearly, it cannot be based solely on neurobehavioral assessment. Neurobehavioral assessment cannot stand alone as an outcome measure: one cannot simply measure without reference to what one is measuring, when, and in whom. The overall enterprise will need to be multi-disciplinary with contributions from (at the very least) toxicology, developmental neuroscience, experimental psychology, clinical medicine, adult and developmental neuropsychology, and biostatistics.
What is the neurobehavioral component of this larger strategy then? As in toxic exposure research with adults, cost efficiency requires a two-step approach: the first, to ask the question: is there an effect? the second: what is its source psychologically or toxicologically? The following discussion is based on the assumption that, for any given proposed study, there is a sufficiently high "index of suspicion" to warrant an investigation of children themselves. Given the exigencies of field testing (with specific reference to the likelihood of cooperation and motivation on the part of both target individual and controls), it makes no sense to mobilize the resources needed to get children scheduled for testing and then only perform a screening-battery (assuming that the goal of "screening" is brevity in testing). Where the goal is indeed to screen, rather than to assess a risk that is more-or-less welldefined, a well designed developmental questionnaire and interview with the primary caretakers is both a better and more cost-efficient use of resources.
Proposed Test Batteries for Children
Beyond the initial screening level, the neurobehavioral assessment strategy for children is based on the following. Firstlevel assessment batteries should have as their primary goals that they be sufficiently broad ranging, that they incorporate strategies and relevant data for evaluating the impact of predictable nonbrain variables, and they be cost-efficient. First-level batteries are only targeted with respect to the age groups (and language group, where applicable) of the target populations.
First-level assessment batteries address domains of functioning subsumed under executive control processes, skills/knowledge bases, and achievement (academic, social, societal). Relevant data are derived from a two-component evaluation procedure in which data are obtained separately from the child and from his or her caretakers (familial, medical, and educational). Information will be obtained from the child by means of diagnostic interview, administration of tests, and behavioral observations. The relative contributions of these elements will vary as a function of age. Information obtained from caretakers will be by means of structured interviews and the completion (oral or written) of questionnaires and inventories. These latter may be collected in face-to-face conversation or by telephone contact.
This type of assessment strategy can be optimally undertaken in the field with concurrent data collection by a two-person research team one to interview/test the child, one to interview the caretaker.
The data to be obtained from the child provide information relevant to the following domains: behavioral regulation, A comprehensive assessment within this framework is estimated to take a maximum of 3 to 4 hrs of testing, with even the most competent child (who is likely to be able to do most). The primary caretaker is interviewed at the same time. Given the necessary information obtained, this compares favorably with the estimated 2 hr that is typically needed for the IQ-and-achievement-test strategy.
It is important to emphasize in this type of strategy that not all behaviors at all ages are most economically tapped by tests. In addition to questionnaires and inventories with caretakers, behavioral ratings, observational paradigms and reliability judgments of both behaviors and diagnostic categories can also be used in assessing the children's functioning. Psychology certainly does not lack for a wealth of well-standardized instruments of these types with appropriate controls for predictable biases in examiners, judges, or interviewees.
As in all behavioral research, specific procedures will need to be deployed for assessing and maintaining reliability in test administration, scoring and coding of data, data entry, etc., as well as for controlling bias in data collection. In contrast to first-level assessment, second-level batteries are highly targeted. They build on first-level assessment data, but their primary goals are to address questions of specificity, sensitivity, and causation with respect to the relationship of toxic agent to a behavioral change identified by the firstlevel assessment. As such they explore one or more behavioral domains in depth. To answer specific questions, second-level batteries zero in on specific populations at risk; they are designed with knowledge of the suspected neurotoxicant, its mode of action and predilection for different brain systems and/or processes, and the timing, amount and duration of exposure to it. Second-level batteries should incorporate knowledge of the brain-behavior relationships of the neural structures or systems thus implicated; the development of both neural structures and the behaviors they subserve; and measurement techniques appropriate to tap the cognitive processes and functions involved.
Finale
As can be seen, there is no single battery for evaluating the potential impact of toxic agents on the developing child. I cannot recommend any specific tests in this endeavor; many are appropriate. Overall strategy, a principled theoretical framework, and adequately specified behavioral domains are what count, not tests.
